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Part A — Common Questions 


Question 1 | [7 marks| 


(a) Given the intervals X = (0,2) and Y = [1,3], find the following and mark them on 


a number line: 
GX; (ii) Y, (iii) X UY, (iv) XY. 
(v) Does 2 belong to X? Does 2 belong to Y? 


(b) Given the functions z = f(y) = y? and y = g(x) = 2x+1, find the composite function 
f(g(x)). Compute the value of the composite function at z = 0, that is f(g(0)). 
Question 2 [8 marks] 


(a) Find the equation of the straight line passing through the point (1,2) with slope 2. 


(b) Sketch the parabola given by the equation y = —x? + 4x — 3, labelling the vertex and 


intercepts. 
Question 3 [10 marks| 


(a) Solve the following equations for x: 


(b) Consider the function y = 10 x 10°”. 


(i) Sketch a graph of this function for x € |—2, 2] using a logarithmic scale. 


(ii) Why do we need to use a logarithmic scale to sketch this graph in a meaningful 


way? 
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(c) A chemist has a 50ml solution of hydrochloric acid at a concentration of 40%, but 
she requires a solution at a concentration of 25%. How much water should she add 


to obtain the desired 25% concentration? 


Question 4 [10 marks} 


(a) Find the derivative of the following functions: 
(i) y= 203 —4r +345 
(ii) y=e* 

(ii) y = BE 

(iv) y=(a@+1)Inz 


(b) Find and classify the stationary points of the function. 
13,12 
fa) gt + 5% id 


(c) Let g(x) be the function given by the graph below. 


Without performing any calculations, determine roughly 


(i) where g(x) > 0, 


(ii) where g(x) = 0, 
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(iii) where g/(z) < 0. 


Question 5 [9 marks] 


(a) Compute the following integrals: 


1 4 
s 2015 


nm /2 
ai) | sin (2x) dx 
0 
1 
(iii) i Te” dx 
0 


1 
(b) Sketch the graph of the function y = ' for x € [1,2] and shade the region enclosed by 
the graph of this function and the z-axis between x, = 1 and x2 = 2. Calculate the area 


of the shaded region. 


Question 6 [8 marks] 


(a) Write the system of linear equations 
22+ dy =0 
z+3y=3 
as a matrix equation. 


(b) Compute the inverse of the matrix 


2 5 
B= ‘ 
1 3 
(c) Use the inverse matrix found in part (b) to solve the system of linear equations from 


part (a). 


(d) Verify your solution from part (c). 
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Part B — Science Stream 


Question 7 [8 marks] 


The three-month life-cycle of a certain insect species is described by the Leslie matrix 


10 20 0 
L=|05 0 0 
0 0.3 0 


where the three-month life-cycle is divided into periods of one month’s duration. 


(a) What is the expected number of offsprings produced by each insect aged more than 


one but less than 2 months? What percentage of the insects aged more than one but. 


less than two months is expected to survive another month? 


(b) The population of insects consists of 800 individuals aged between 0 and 1 month, 
1000 aged between 1 and 2 months and 300 aged between 2 and 3 months. What is 


~ the expected population vector for this community one month after this date? 


(c) Compute the matrix L? and the population vector two months after the initial count. 


Question 8 [10 marks] 


(a) Without solving the differential equation verify that y = L — Ae~™ satisfies the 


restricted exponential growth equation y’ = k(L — y). 
(b) Find the steady state solution of the differential equation from part (a). 


(c) A beverage has been taken out of the fridge with a temperature of 5°C’ and put 
into an environment of 25°C’. After 20 minutes the temperature of the beverage is 
20°C’. Assuming that the temperature of the beverage follows the model of restricted 


growth, determine the parameters L, A, k. 
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Part C — Economics Stream 


Question 9 [4 marks] 
Mrs Josephs retires at the age of 60 and uses her life savings of $250,000 to purchase an 
annuity. The life insurance company gives an interest rate of 4% per annum, and they 


estimate that her life expectancy is 20 years. How much annuity will she receive? 


Question 10 [4 marks] 


A sum of $1000 is invested at 3% interest compounded annually. 
(a) Calculate its value after 5 years, if compounding is monthly. 


(b) Compute at what time the initial investment has doubled, if compounding is annually. 


Question 11 . [4 marks| 
A chemical firm makes two brands of fertilizer: the regular brand and the super brand. 


Each requires nitrates, phosphates, and potash as shown in the following table: 


([itntes [Phosphates [Potash 


Each month the firm can rely on a supply of 10 tons of nitrates, 16 tons of phosphates, 


and 8 tons of potash. The firm makes a profit of 250 dollars on each ton of regular fertiliser 
and 480 dollars on each ton of the super grade. Express this as a linear optimisation 
problem in order to maximise the total profit under the given constraints so that someone 
can find the solution for you by using Excel. (You are not required to find the solutions of 


the problem.) 


Question 12 [6 marks] 


(a) The total cost of manufacturing 20 units of a certain product is $1500 and the cost 
of manufacturing 100 units is $3200. Find the cost function c(x), assuming a linear 


model. 


(b) The demand equation of the same product is p = i where x units are sold at a 


price of p dollars each. Find the marginal profit function. 
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Please remember - This examination question paper MUST BE HANDED IN. 


Failure to do so may result in the cancellation of all marks for this examination. 


Writing your name and number on the front will help us confirm that your paper 


has been returned. 


